We investigated the relation of alcohol consumption to risk of non-Hodgkin's lymphoma (NHL) in a cohort of 35 156 lowa women aged 55-69 years who participated in the lowa Women's Health Study in 1986. Alcohol consumption at baseline was obtained using a mailed questionnaire. During the 9-year follow-up period, 143 incident cases of NHL were identified. Higher alcohol consumption was significantly associated with a decreased risk of NHL (P-trend = 0.03). Compared to non-drinkers, multivariate-adjusted relative risks (RRs) were decreased for women with intake of ≤ 3.4 g day -1 (RR = 0.78; 95% confidence interval (CI) 0.51-1.21) and > 3.4 g day -1 (RR = 0.59; 0.36-0.97). The inverse association could not be attributed to one particular type of alcoholic beverage, although red wine (RR = 0.21 for > 2 glasses per month vs non-drinker; 0.05-0.86; P-trend = 0.02) has the most distinct effect. The apparent protective effect was universal regardless of specific NHL grade or Working Formulation subtype, but was most pronounced for nodal NHL (RR = 0.48; 0.26-0.90; P-trend = 0.01) and low-grade NHL (RR = 0.52; 0.21-1.26; P-trend = 0.05). These data suggest that moderate alcohol consumption is inversely associated with the risk of NHL in older women and the amount of alcohol consumed, rather than the type of alcoholic beverages, appears to be the main effect determinant.
Non-Hodgkin's lymphoma (NHL) is a malignant cell infiltration of the lymphatic system. The incidence of NHL in the USA increased 81% between 1973 and 1994 (Ries et al, 1997) , a percentage increase exceeded only by that for prostate cancer, lung cancer in women, and melanoma. The increase has occurred in both males and females, with older persons showing the most dramatic increases (Ballester et al, 1993; Weisenburger, 1994) . In 1997, approximately 53 600 new cases of NHL would have been diagnosed in the USA, and over 30 000 deaths would be attributed to this cancer (Ries et al, 1997) .
Risk factors for NHL are not well-understood. The best-established risk factors for NHL are immunosuppressed states due to primary immune deficiency disease (Filipovich et al, 1992) or acquired immune alterations (e.g. iatrogenic immuno-suppression; Sjögren's syndrome, human immunodeficiency virus) (Hoover, 1992) . Other suggested risk factors include history of diabetes (Cerhan et al, 1997) or prior blood transfusion (Cerhan et al, 1993) , certain dietary factors (Franceschi et al, 1989b; Ward et al, 1994; Chiu et al, 1996; Tavani et al, 1997; De Stefani et al, 1998) , use of hair dyes (Cantor et al, 1988) and occupational exposure to pesticides, in particular, phenoxy herbicides and organophosphate insecticides (Zahm et al, 1993) .
These are, at best, clues, and the aetiology of NHL, and particularly the causes of NHL in older persons, needs further research.
Alcohol may be immunomodulatory as several host defense factors have been implicated in the increased incidence of infectious diseases observed in alcohol abusers (Mufti et al, 1989; MacGregor, 1986) . However, the role of moderate alcohol use on the immune system is less clear (Mufti et al, 1989) , and the role of moderate alcohol consumption in the aetiology of NHL has received only limited attention. Among eight reports from five case-control studies that have assessed this association, one found a significant positive association (De Stefani et al, 1998) , five reported no association (Cartwright et al, 1988; Franceschi et al, 1989a Franceschi et al, , 1989b Tavani et al, 1994 Tavani et al, , 1997 , one showed a weak inverse association (Brown et al, 1992) and one found a significant inverse association (Nelson et al, 1997) . To date, no cohort studies have evaluated this association. We therefore examined the relation of alcohol consumption to risk of NHL in the Iowa Women's Health Study (IWHS), a prospective study of post-menopausal women.
METHODS
This study was approved by The Human Subjects Review Boards of the University of Minnesota and the University of Iowa. The Iowa Women's Health Study is a prospective cohort study of cancer in a sample of lowa women aged 55-69 years selected from the State of Iowa automobile driver's licence list in 1985. The list represented approximately 94% of all Iowa women in this age range (Lynch et al, 1994) . In January 1986, a questionnaire and a letter describing the purpose of the study were mailed to 98 030 randomly selected women, followed by reminder mailings 2 and 4 weeks later. The self-administered questionnaire included information on alcohol intake, diet assessment, weight history, health habits, medical history and family medical history. From the original sample, 41 837 completed questionnaires were returned for a response rate of 42.7%. There were only minor demographic differences between the respondents and non-respondents at baseline (Folsom et al, 1990) . Compared with non-respondents, the respondents have had subsequently lower 5-year cancer incidence and mortality rates, mainly for smoking-related diseases (Bisgard et al, 1994) .
Usual alcohol consumption was assessed as part of a semiquantitative food frequency questionnaire developed by Willett and colleagues (Willett et al, 1985) . For each type of alcoholic beverage, a commonly used unit -glass, bottle, 'shot' -was specified. Participants were asked how often, on average, over the past year they had consumed that amount of each alcoholic beverage. There were nine possible responses, ranging from 'never or less than once per month' to 'six or more times per day' to define their frequency of consumption of that unit. Frequencies were recorded separately for red wine, white wine, beer and liquor. The daily intake, in grams, was then calculated by multiplying the frequency with which each beverage was consumed by the ethanol content of the specific beverage (10.8 g of ethanol per four-ounce glass of red or white wine; 13.2 g per bottle or can of beer; and 15.1 g per drink or shot of liquor) (Gapstur et al, 1993) , using a database provided by Willett and colleagues. Average daily alcohol intake was calculated by summing the contribution from each type of alcoholic beverage. The semiquantitative food frequency questionnaire has been shown to be a valid and reliable method for assessing average daily alcohol consumption (Giovannucci et al, 1991) . Munger and co-workers (Munger et al, 1992 ) also examined the accuracy and reproducibility of the questionnaire in this cohort. Pearson correlation coefficients of alcohol intake from the baseline questionnaire with a second and third questionnaire were 0.99 and 0.98 respectively.
Follow-up of the cohort
Follow-up questionnaires were mailed in October 1987, August 1989 and June 1992 to update risk factor information and address changes. Deaths were ascertained by linkage to Iowa death certificates data and, for questionnaire non-responders and emigrants from Iowa, to the National Death Index. Approximately 4% of the cohort has been censored for migration out of Iowa. Unknown vital status for members of the cohort is estimated to be less than 1%.
Incident NHL in Iowa residents was ascertained through the State Health Registry of Iowa, part of the US National Cancer Institute's Surveillance, Epidemiology, and End Results (SEER) programme (Ries et al, 1997) . Cohort participants were linked annually to the database with combination of first, last and maiden names, ZIP code, date of birth and Social Security number.
Topographic and morphologic data were coded using the International Classification of Diseases for Oncology, Second Edition (Percy et al, 1990) . The histological subtypes of NHL were grouped according to the Working Formulation (Percy et al, 9684-9686, high-grade; and 9590, 9690, 9700, unclassified) . NHL was also grouped as nodal or extra-nodal according to the primary site.
Data analysis
Before data analysis, we excluded women with a self-reported history of cancer or prior use of cancer chemotherapy at the 1986 baseline survey (n = 3903) to provide a cancer-free at-risk cohort.
In addition, we excluded those who left 30 or more food items blank on the food frequency questionnaire or who had implausible daily energy intakes (i.e. < 600 Kcal or > 5000 Kcal; n = 2778). This reduced the at-risk cohort to 35 156 women, among whom 143 incident cases of NHL developed. Person-years of follow-up for each woman was accumulated from the date of the 1986 baseline questionnaire to one of the following events: (1) date of NHL diagnosis; (2) date of death (if in Iowa); (3) date of a move out of Iowa (if known); (4) the midpoint between the date of last contact and date located outside of lowa (if date of move was unknown); (5) midpoint between date of last contact and date of death (for non-Iowa deaths). If none of these events occurred, follow-up was through 31 December 1994.
Women were classified a priori according to three levels of alcoholic beverage consumption: non-drinkers were defined as women whose reported total alcohol use was zero; and two other categories were based on a median split of drinkers for each type of alcoholic beverages (for total alcohol, 3.4 g per day; for beer and liquor, 4 servings per month; and for red wine and white wine, 2 servings per month). Of the responders to the baseline questionnaire, 3.8% of women left all four alcoholic beverages blank on a Relative risks (RR) and 95% confidence intervals (CI), adjusted for age (continuous) and total energy (continuous) or (RR full model) age (continuous), residence (farm, non-farm), education (< high school, high school, > high school), marital status (current, former, or never), transfusion history (ever, never), diabetes history (yes, no), intake of red meat (< 22, 22-36, > 36 servings per month), intake of fruits (< 54, 54-84, > 84 servings per month) and total energy intake (continuous).
the food frequency questionnaire. Total daily alcohol intake for these women was considered to be zero grams per day for purpose of analysis. In a previous study of alcohol consumption and endometrial cancer in this cohort, it was found that when analyses were repeated with alcohol intake considered missing for these women, the results were comparable (Gapstur et al, 1993) . Non-dietary variables of interest were categorized into natural categories. Important dietary risk variables, including animal fat, animal protein, red meat, fruits and hamburger (Chiu et al, 1996) , were categorized by tertiles based on the distribution of consumption in all respondents. All models with dietary factors were adjusted for total energy intake, either by including total energy as a covariate in the model (for analyses involving micronutrients and food groups) or by using the residual method for adjustment of macronutrients (Willett and Stampfer, 1986) . The incidence rate of NHL in each category of exposure was calculated by dividing the number of NHL cases by the corresponding person-years of followup. The relative risk (RR) and 95% confidence intervals (CIs) were used as the measure of association. The Mantel-Haenszel procedure (Breslow and Day, 1987) was used to estimate age-adjusted RRs, and Cox proportional hazards regression (Cox, 1972) was used to estimate multivariate-adjusted RRs. Farm residence , marital status, diet (high consumption of red meat and low consumption of fruits) (Chiu et al, 1996) , diabetes history (Cerhan et al, 1997) and blood transfusion history (Cerhan et al, 1993) were all assessed as potential confounders. Proportion hazards assumption was tested and was not violated. Analyses were conducted using SAS (SAS Institute, Cary, NC, USA) software programs. Reported P-values are two-sided.
RESULTS
During the 320 184 person-years of follow-up over the 9-year period, a total of 143 women developed NHL. In order to evaluate possible confounding, the association between the incidence of NHL and several potential risk factors were examined (Table 1) . There were no clear associations between the incidence of NHL and education and smoking status at baseline. However, living on a farm, being formerly or never married, a history of diabetes mellitus, a history of blood transfusion, and higher consumption of red meat were positively associated with NHL; higher consumption of fruits was inversely associated with NHL. The distribution of significant risk factors in Table 1 , along with specific dietary factors that have been previously reported as risk factors for NHL in this cohort, were further evaluated according to level of alcohol consumption (Table 2) . Women who lived on a farm consumed less alcohol compared to women who did not live on a farm. Women with a higher level of alcohol intake were more likely to be currently married and were less likely to have been diagnosed with diabetes mellitus. Intakes of animal protein, animal fat, red meat and hamburger showed little difference across levels of alcohol intake. However, women who consumed > 3.4 g of alcohol a day had a lower intake of fruits than those with lower levels of alcohol consumption.
Age-and energy-adjusted RRs and multivariate-adjusted RRs for NHL according to levels of intake of different alcoholic beverages are presented in Table 3 , with the non-drinkers of all alcohol representing the reference category for each specific type of alcoholic beverage. All RRs discussed in the text compare the highest users to the non-drinkers. Inclusion of dietary and non-dietary NHL risk factors in multivariate Cox proportional hazards regression models generally yielded slightly weaker RR estimates for NHL compared with the age-and energy-adjusted values. Table 3 shows that alcohol consumption was inversely associated with risk of NHL (P-trend = 0.03). Compared to non-users, multivariateadjusted relative risks of NHL were moderately decreased for women with average daily alcohol consumption of ≤ 3.4 g (RR = 0.78; 95% CI 0.51-1.21) but significantly decreased for average daily consumption greater than 3.4 g (RR = 0.59; 95% CI 0.36-0.97). Evidence for an inverse association persisted in the multivariate analysis even when we used a higher cut-point (> 10 g per day) or treated alcohol consumption as a continuous variable in the model (data not shown).
To determine whether the effect of alcohol consumption was related to specific types of alcoholic beverages, we examined the separate effects of beer, red wine, white wine and liquor. We found that the inverse association with alcohol could not be attributed to one particular type of alcohol-containing beverage, although intake of red wine showed the strongest protective effect.
Compared to non-users, multivariate-adjusted relative risks of NHL for women whose average monthly intake of red wine was ≤ 2 servings and > 2 servings were 0.85 (0.51-1.40) and 0.21 (0.05-0.86) respectively. The inverse association was also apparent for beer, white wine and liquor. Compared with women who had not used any alcohol, the multivariate-adjusted RRs of NHL for women with higher than median intake were 0.69 (0.32-1.51) for beer, 0.35 (0.13-0.96) for white wine and 0.61 (0.32-1.19) for liquor. We also attempted to simultaneously adjust for each type of alcoholic beverage but were not able to fit a model, probably due likely to the highly correlated nature of specific types of alcohol.
We were also interested in whether alcohol consumption was associated with specific subtypes of NHL (Table 4 ). The inverse association was stronger for nodal NHL compared to extra-nodal NHL. Risk of developing nodal NHL decreased from 0.71 (0.42-1.20) for women with intakes of ≤ 3.4 g per day (compared to non-users) to 0.48 (0.26-0.90) for women with intakes of > 3.4 g per day (P-trend = 0.01). The corresponding RRs for extra-nodal NHL were 1.00 (0.46-2.16) and 0.89 (0.39-2.02) respectively.
When NHL was stratified by grade, inverse associations with all alcohol and specific types of alcohol were seen for low and intermediate grade tumours, although few estimates were statistically significant. For NHL subtypes, we observed an inverse dose-response association between alcohol consumption and all NHL subtypes, and specific types of alcohol generally showed similar trends to those seen for total alcohol use. However, most confidence limits included 1.0 and no test for trend reached statistical significance, perhaps due to the limited sample size in these analyses.
DISCUSSION
We observed a statistically significant inverse association between alcohol consumption and NHL, with a 22% and 40% decreased risk for women with intake of alcohol ≤ 3.4 g per day and > 3.4 g per day, respectively, compared to women who do not drink alcohol. The inverse association with alcohol consumption could not be attributed to one particular type of alcoholic beverages, although red wine appeared to have the strongest association. The apparent inverse association with alcohol was somewhat stronger for nodal NHL and low-grade NHL, but most point estimates for alcohol use were below one for all grades and subtypes of NHL.
To our knowledge, this is the first prospective cohort study to examine the association between risk of NHL and use of alcoholic beverages. Among a handful of case-control studies that have addressed this issue, a positive association with beer consumption in men was reported in one hospital-based study (De Stefani et al, 1998) , no association was reported in three hospital-based studies (Cartwright et al, 1988; Franceschi et al, 1989a Franceschi et al, , 1989b Tavani et al, 1994 Tavani et al, , 1997 , whereas a decreased risk was observed in two population-based studies (Brown et al, 1992; Nelson et al, 1997) . In the only other study that has separated NHL into specific entities, Brown and colleagues (Brown et al, 1992) found that, although not statistically significant, the odds ratios for drinkers of any type of alcohol were less than 1.0 for NHL and for all subtypes except diffuse lymphoma. Nelson et al (1997) in a populationbased case-control study found that the risk of NHL among women decreased significantly with increased consumption of alcoholic beverages, with risk 50% lower among those consuming five or more drinks per week compared to non-drinkers. In that study, a statistically significant inverse association was not observed in men, although point estimates for each type of alcoholic beverage were similar to those for women. Our finding of an inverse association with alcohol consumption is thus in line with results from population-based case-control studies (Brown et al, 1992; Nelson et al, 1997) . Hospital-based case-control studies of alcohol are difficult to interpret due to the over representation of alcohol use among hospital patients.
Since the epidemiologic data relating NHL to alcohol intake are sparse, biologic mechanisms have not been well explored to date. Although high alcohol ingestion, either episodically or on a regular basis, is regarded as immunosuppressive (MacGregor, 1986; Mufti et al, 1989) , less is known about the immunomodulation effects of light-to-moderate alcohol consumption (i.e. social drinking). Moderate, social alcohol use could potentially either suppress or enhance the induction and growth of cancers through its effect on membrane fluidity or composition (Freund, 1979; Mufti et al, 1989) . The effect of altered membrane composition on lymphocytes remains to be determined. Social drinking has been shown to impair lymphokine-activated killer activity, but not natural killer activity (Bounds et al, 1994) . However, the relation of alcohol consumption in the context of social drinking to the immune system and the development of NHL is not known.
Consumption of alcoholic beverages might be linked to lower risk of NHL through its effect on insulin levels. A series of studies have shown that both insulin-mediated and non-insulin mediated glucose disposal might be enhanced in individuals consuming light-to-moderate amounts of alcohol (Stampfer et al, 1988; Facchini et al, 1994; Rimm et al, 1995; Bell, 1996; Lazarus et al, 1997) . Moderate alcohol consumption among healthy people has been associated with increased insulin sensitivity and a reduced risk of diabetes (Stampfer et al, 1988; Rimm et al, 1995) . As diabetes mellitus has been previously associated with NHL in some studies (Ragozzino et al, 1982; Natazuka et al, 1994; Cerhan et al, 1997) , it is biologically plausible that moderate alcohol intake might be indirectly related to lower risk of NHL through its effect on increased insulin sensitivity and glucose metabolism. However, the alcohol association remained after adjustment for history of diabetes in these data.
The effects of light-to-moderate alcohol with various concentrations of dietary nutrients in immunomodulation in humans is also poorly understood. Only two (Franceschi et al, 1989b; Tavani et al, 1997) previous epidemiologic studies of alcohol intake and NHL have collected information on dietary intake. It is also possible that the protective association may be attributable to antioxidant micronutrients. Consumption of red wine can significantly increase the serum antioxidant capacity (Whitehead et al, 1995) . Low serum levels of antioxidant micronutrients have been associated with childhood leukaemia and lymphoma (Malvy et al, 1993) .
Consideration must be given to the potential limitations in the present study that may have led to the observed inverse association. First, alcohol consumption was assessed using a foodfrequency questionnaire that asked about average intake over the last year. Changes in alcohol consumption throughout life may lead to random mis-classification that contributed a bias toward a finding of no association. Systematic error may also be present because it is possible that heavy drinkers underreported their alcohol consumption. The group of non-drinkers or light drinkers may include some former heavy drinkers (Lazarus et al, 1997) . This has been identified as a potential source of bias in studies of alcohol and cardiovascular disease (Shaper et al, 1988) . Unfortunately, our data were not able to address this issue. Finally, it remains possible that health status or certain medical conditions may lead to restriction of alcohol intake, although that, too, could reduce the likelihood of seeing an increased association with higher alcohol intake.
On balance, however, our study has several advantages over previous case-control studies of alcohol intake and NHL. The prospective design avoids the possibility of biased recall of alcohol consumption. Other strengths include the use of a large, well-defined sample derived from a general population and case ascertainment using a SEER tumour registry.
In conclusion, our data suggest that light-to-moderate alcohol consumption is associated with the risk of NHL in older women. The present study also suggests that the amount of alcohol consumed, rather than the type of alcohol-containing beverage, is the main effect determinant. Our finding that moderate alcohol consumption might be protective against NHL is intriguing, but requires further research. Future studies should critically evaluate dose of alcohol ingestion and lifetime pattern of alcohol intake.
